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The Subcommittee
8UbCOmIUltkeS working

FOREWORD

on RadlochaMstry iB one of a number of
under the Committee on Nuclear Science

wlthln the National Academy of Sciences - National Research
Council. Its members represent government, industrial, and
university laboratories in the areas of nuclear chemistry and
analytical chemistry.

The Subcommittee has concerned Itself with those areas of
nuclear science which Involve the chemist, 8UCh as the collec-
tion and distribution of madiochemlcal ‘procedures,the estab-
lishment of specifications for radlochemically pure reagents,
availability of cyclotron time for service Irradiations, the
place of mdlochemlstry In the undergraduate college program,
etc.

This series of monographs has grown out of the need for
up-to-date compilations of radlochemical information and pro-
cedures. The Subcaumlttee has endeavored to present a series
whloh will be of maximum use to the working scientist and
which contains the latest available Information. Each mono-
graph collects in one volume the pertinent information required
for radlochemical work with an individual element or a group of
closely related elements.

An expert In the radlochemlstry of the particular element
has written the monograph, following a standard format developed
by the Subcommittee. The Atomic Energy Ccmmlsslon has sponsored
the printing of the series.

The Subcommittee is confident the8e publications will be
useful not only to the radlochemlst but also to the research
worker In other fields such as Physics, biochemistry or medicine
who W18heS
problem.

to use mdiochemlcal-techniques to solve-a specific

W. Wayne Meinke, Chairman
Subcommittee on Radlochemlstry

Iii
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This volume which

INTRODUCTION

deals with the radiochemlstry of iridium
is one of a series of monographs on radiochemistry of the elements.
There is included a review of the nuclear and chemical features
of particular interest to the radiochemist, a discussion of prob-
lems of dissolution of a sample and counting techniques, and
finally, a collection of ~adioche.micalprocedures for the element
as found in the literature.

The series of monographs will cover all elements for which
radiochemi.calprocedures are “pertinent. Plans include revision
oi’the monograph periodically as new techniques and procedures
warrant. The reader is therefore encouraged to call to the
attention of the author any published or unpublished material on
the radiochemistry of indiu.mwhich might be included in a revised
version of the monograph.

vi



The

I. GENERALREVIEMSOP

Radiochemistry of Iridium

D. N. ~
end

cm w. ‘lQRnlxY
Batte~e Memrial Inatitute

Colulrihua, Ohio
May 1960

Tm INf)RMJCtCAND ANALYTICALCHEKCSTRYOF lNDIJJM

Pp. 576-577in Vol.I of ‘AnalyticalChemist@, F. P. Treadwell,
ti. ad rev.by UilliamT. Hall,JohnWley and SODS,Inc.,
New York,tith edition,1937.

n
Chapter17, pp. 7U-768 h ● InorganicChendst&, T. Moeller,
JohnWley ad Sma, Inc.,New York,1952.

.

Page211 in ‘Solvent&traction in AnalyticalChemistr#,
G. H. MorrisonandH. Freiaer,JohnWileyand Sone,Inc.,
New York,1957.

PP. %7-405 h VO1. 5 of ‘A CoqrehensiveTreatiseon Inorganic
and TheoreticalChemiat#, J. W. Mellor,Lorgmne, Green,and
co.,London,1924.

aIndiu#, M. T. Ludwlck,Mium Corporationof Amrica, New Ymk,
1950.

Pp. 461.-465in “AppliedInorganicAnalysism,W. F. Hillebmnd
atiG. E. F. Ltiell, JohnUileyand Sore,Inc., New York,
secondedition,1953.

II. GENITW REVIJ%lSOF THE RADIOCHEKLSTRYOF INDIUM

•MdioH~ separationsof lkdiunP,D. N. Sundez’m%
I. B. Ackermnn, andW. W. Whim, Anal@i(xd Qmtitry 3&
&O, January1959.

mTheDevelopmentad Evaluationof EadiochemicalSeparation
fiocedureefor Mrium, Calcium,Strontium,S~ver, and Indiu#,
mm N. Sundeman,AECU-3159,February1956.
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III. TABLE OF ISOTOPESOF INDIOM

PrimazgRadiationa
Isotope HalfLife f Deoay G Methcdof Preparation

2&~ ‘ amw

s

In107 0.22MaV Cdld (d,n)

#08m 4?07 (K, 3n)0.2~6

2+ 0.330
0.637
0.88
1.05

@09m

=1.09

#Om

*3m

=113

40 min

1.3 min

4.2 m.

4.9 hrs.

66 Edn.

2.81dsya

20.7mn.

1!5Udn.

1.74 hrs.

Stable(h.33%)

@+ 3“5 0.637

IT (m%). 0.658

m (94%) 0.058
~’ 0.80 (6%) 0.205

0.227
0;28$
0.325’
0.347
0.427
0:632

EC (99+ %) o.119
R’ 0.IL9 (0.6%) 0,.661

0.885
0.935

0.656
~“ 2.25

EC 0.172
0.247

IT 0.155(loo%) 0.155

~ 0.392(100%) 0.392

Daughterof S&09

AE?07(< ,h) ,
daughterof InlO~

4#7 (<, d

A&$m( ~,n) , Cdno
(P,d

CdlU (p,n)

Ag109{* ,n),Inu3
(n,2n)

Daughterof Inu2m

D&&r of SnU3

,.
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III. TABLE(CONTm)

Prhbmy Radiation
Isotope HalfLife of Decay anmm &thod of hepam tion

#b 72 eec.

#m
L.5 bra.

#5 6xi#~.
(95.67%)

=116m 54 Irdn.

=116 13 sec.

@h 1.9 bm.

#7 1.1 bra.

=118
4s Irdn.

=m 5.5 sec.

=119 17.5J&l.

=120
_ 55 sec.

IT 0.192(96.5%) 0.19’2Mev #.3 + -t~~~
EC (3.5%) O#g

.

/7 - ::SJ4(:9!EI] 1.30 (0.0%) InU3 + neutrone

# + O.h (&: 10-%)
Eo (1.9%)-

~ 0.335(95%)
# -0.83,(5%)

@ -0.63

@ ‘“1.77.(55%)
1.62 (23%)

IT o.3n (225)

/9 -0.74

/6 -1.5

d - u
@ -2.6

(#-)

0.335 Fiaaionproduct,
daughterof odl-1~

Wne Exiatain nature

0.137(3fi) IrPb + ieutrme
0.406 (25X)
1.085(54$
1.271J(75X1
1.487 (~%)
2.090(25%)

none $5 + neutrozm

o.161 FiEShllproduct,
o.311 daughterof Cd”7

For nmrecoqlete infmtion on theradiatiomeof the iaotopa of

indlumand forrefkrenceato the ori@al literature,see ●Tableof Iaotopeam,

D. Stromlngar,J. M. Hollander,and G. T. Seabcmg,Reviewsof ModernPhyeice

30, No. 2, PartII,Aprfl1958.
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IV. REVIEWOF THOSEFEATURESOF INDIDMCHEFfLSTRXOF CHIEFINTERESTTO
EUDIOCHEKCSTS

1. NetallicIhdium

Mum is a relativelyraremtal (1x 10-5%of the earth’a crust)

and is neverfoundin concentrateddepcsits. It vaa diaoovemd h aincores

and has alsobeen foundasfloctitidwith tungsten.one of the reaaom for

interesth Imiiumchemistryis itshigh capturecrose-sectionfor therml

mutrons whichmakesits~eeenca in reactormaterialsundes-ble.

The phgsi CS1 propartiesof iridiumare intermediatebtween those

of galliumand thallium. Ihdiumhas a low maltingpetitof 156 C, a boiling

pointof 450 C, and a densityof 7.20 ticc. 1% is a veryBoftand ductile

mtal. In appearanceit is whiteand lustrous,reeemlilingplatinum.

Iridiumis clcaelyrelatedh its chemistryto aluminum,gallium,

and tlMllium.Iktalliciridiummay be preparedby electrodepositionor by

thenualreductionof the oxidewith h@rogen or cartin.The mtal is slowly

oxidizedin ccmtactwithair,and it b not attackedby water. l’k$tallic

i.ndiumdissolvesIn acidswithlikmation of hydrogenand formtion of

trivdmt hdlum ions. Ths oxidationpotentialin acidicsolutionforthe

In(o)- In(III)coupleis O.3hvolts.

2. SolulleSaltsof Iridium

The trivalen$Ion of iridium5s theonlyton sta~e in aqueous

sol~tions. ‘The +1 and +2 Statgssxiat as the solidhalj.des.Ths soluble

saltsof tidiumincludethe c~oride, nitrate,eulfate,brcndde,icdtie,

and perclilonte.

3. InsoluliLeSaltsof Iridiumand Precipitation
and CoPrecipitationCharacteristicsof Iridium

The commoninsolu~e salts

generalreferencelistedin PartsI

of iridiumand tlalruse in analyses.

of Imdiumare listedin Table1. The

and II describethe insolublecospounds

Quantitativemthods forthe eeparattin

and determinationof indicmgenerallyinvolveprecipitition of eitherthe

hydrcus cxideor the sulfide. Manyradiochemicalseparationsof iridiumhave

utiltiednmdifimtionsof boththe hydrousoxideand sulfidePcipitations1J2.



TAILE1. lNSOLllE.JCOMF’CXJNDSOF INDI!JH

Reagent Precipitate VolubilityinWater Volubilityb OtherReagente

oH-

H2S in 6N HC2H3~

co3”

$ ~Fe[CN)~

WI 8-hydrox3m@no1ine

lkC2H302,boil

P@ h
HC2H302

10;3

k(OH)3

L12S3

+(%04)3

In(cIi) j

I110H(C2H302)2

%

insolutle

Ksp e 10-33

ins Olubl.e

insoluble

slightlyaolufle

Insoluble

slightly8oluble

insoluble

(decomgmsesin time)

slightlysoluble

ha oluble

elightl aoluble
(0.067 gloo nil)

solubleh acids

solublein exaeoaKOHor NaOH

solutlein mineralacids

slightlysolublein Na2S

sdlublein exoees,cold(NI$)2C03
solution

solubleIn adds

solubleh chloroform

solublein acids

solublein exceseNONwithdilution

solublein acids

solublein acids



Sulfide. A

itiiumby the mlfide

theyieldeforiridium

as determhed in this

aitical evaluationof the radiochemicalseparationof

3 h Table2 are ltitedprecipitationhas beenmade .

and forcontaminationby 15 typicaltraceractivities

etudy. To obtaintheseresults,~ fi of solutton

containhg10 mg of indlumand 10 mg of a carrierand tracerforthe

contaminatingionwas adjustedto a pH of 1 and bufferedat thatpH with a

eulfate-bisulfatebuffer. The solutionwas heatedto 90 to 95 C, and

hydrogeneulfidewas passedthroughfor1 minute. The iridiumsulfide

precipitatewas digestedfor5 minutes,centrifu~d,traneferredto

a planchet,dried,and radioassayed.

The jndiumyieldand cobaltcontaminationwerealsodetermined

at pH 2 ad 3. At pH 2 the ~um yieldwae 98.8~ 1.8 pm cent,and the

cobalt contaminationwae h.1 per cent. At pH 3 the yieldand contamination

was 98.1~ 1.1 and 6.2 per cent,respectively.The precipitationat pH 1

was chosenforcontmdnationstudieshcauee the precipitateformalat this

pH showedbetterdecontaminati~fromcotalt. The precipitatewhioh forms

at pH 1 is red-orangeand mch more denseand cryatallimethanthe

yellow-orangevarietyformedat PH 2 and 3.

The contaminationof the irdlumsulfideprecipitateis veryhigh

formost of the actititiesstudied,and thusthe sulfideprecipitationhas

veryIlmitedapplicabilityforradiochemicalsepsratione of Iridium.Itis,

however,a highmeld method(particularlyat pH 2 or 3) forreductigthe

tidiumto a formsuitablefor counthg andyielddeterminations.

Sabria has utilizedan iridiumsulfideprecipitationby a sodium

sulfidereQg@ to eepa=te Infiumfromalkaltieearthmtalsh. He tre+tid

a solutionof sdlligramquantitiesof iridium,barium,strontium,calchun,

and magnesiumwith~OH ontlla turbidityappeared.He thenadded40 to SO uil.

of 2N Na2Sreagent,encugh6N aceticactdto givean acidityof about3M,

and 10-15g of amrmniumacetateto preci@tatathe imiiumas In2S3,leaving

the alk!ilineearthab solution.

!W!ZU!” ‘b precipitation

6

of blium bydraxidehas beenemplqed



TAELE2. CONTAMINATIONOF IM)IUM
z

ARATED
BY SULFIDEPRICIHTATI

Tracar Per CentCarried(a)

*O

I@dl, p#411

100

20 - 70

1.7

1.0

2.0

4.3

11.9

96

96

60

97

lm

1.6

8.7

(a) Averageof duplicaterunsexe@ foriridium.

-(b) Averageof qnadruplicaterune. Errorsare
‘standarddeviationsrn.

in manyradiochendcalseparationsof iridium;howsver,it hae been shcam

thata precipitateof iridium@3rmride carrieedowntrnceaof mtals

nornwllysolublein ammonia=l solutions An hydroxideprecipitationtith

subsequentignitionto the oxideis frequentlyuseful,however,fora fhal

separationof the ~ium for countingandyielddeterminations.Wdgene

6and Nelson employedan l@rcmide precipitationfor t~ p.mpose.

Iridiumhydroxideis usuallyprecipitatedby addingan excessof

~OH and heatingto coagulatetheprecipitatel~~.The precipitationis

quantitative,In(OH)3 hatinga volubilityproductof the orderof 10-33.7
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Oxbate. 8-~&-Moltie (oxine)quantitativelyprecipitates

iridiumfromneutralor slightlybasic6olUt10nas In(OXmte)3. IaCro@

has discussedthe ox-tes of alutzlnum,gallium,ani irdium. He reportsthat

In(cminate)j beginsto precipitateat PH 2.& and precipitation~ oo~ete

at pH 7.5. He gims 8 valueof 10-~*7 forthe solubili~p@uct of

,jndiumoxhate.

The ~ecipititionof the 8-hydroxyquinolinederivativeof iridium

has beenutflizedin mdiochemicalproceduresto obtainthe Mum in a

finalformsuitablefarweighingand ccuntd ‘m. Smales,Smit,and -

precipitatedthe oxinateof Mum by adding2 d of a 5 per centsolution

of t9-hydroxyqu3nolAm3in ethanolto a 15 nilHOl solutionof irxiium,heating

to 50-60 c, and S1OW1Yaddq 5 ti of a sodi~ acetate~~tic acidbuffer-

Cowan10perforrmdthe precipitationby addinga 5 pm centsolution”of

hydroayquinoltiein 2U aceticacidto a previouslybufferedhdium soluticm.

HasicAcatate. hiium basicacetate,InOH(C2H302)2sis

precipitatedby boilingan aqueouseolutionof Mum ~~ excesssodium

acetate. khl.ldnsonandGrunmittappliedthisprecipitationto a reparation

of iridiumfromcadzdum2.

*
gnesiunlHydroxideas a Carrierfor Iridium.Jndium,h trace

ssmunts,has beeusewated fromcadudumby Wecipititionof the indinmas

the hydroxidewith a gagneaiumCarrier”; The traceamountsof Hum were

producedby a cydlotronirradiationof cadmium. The cadmiumtargetwas

dissolvedin nitricacidj and100 mg of magnesiumcarrierwereadded. Excess

~OH waa addedto precipitateMg(OH)2,and the ndxturewas h-ted to digest

the precipitate.Over90 pr cantof the iridiumand cnilytracesof -dmium

were carriedwiththe precipitate.The iridiumwas sepsratedIYomthe

msgmsium by redissolvingthe precipitatead electro@atingthe iridium,

leavingthe magrmsiumin solution.

Ferricw draxideas a Carrierfor ~diuri. Ferrichy&cuide has

beenused frequen~~as a scavengerin radioclwnicalprocedures.A study

has beenmade of the scavengtigpro!=ties of Fe(@3 forMium andI-4



TA~ 3. SCAVEWGINCIEI PRECIPITATIONOF HJ.DEOJSQXIDE#2

PerCentam Eemainingin Solutioti
‘T(-6 q P@ n. 3 F@ n.
Carrier Carrier Carrier

Elelmlrt hsamt Fkeseti Akaeut

Anthmmy

Cerium

Cet3ium

chromium

cobalt

Iridium

Iodima

H_dium

Ruthenium

Selenium

silver

Strontium

Tantalum

!cin

Zticon5mu-Niobium

18 ●

0.045

96.

“0.30

83.

0.I.2

9S.8

15.

30.

n.

91.3

96.3

0.03

1.7

0.02

8.1 0.9

0.16 0.11

92. 97.8

0.26 0.46

23. 89.

0.21 0.4

92.7 06.9

“3.9 L*4

6.5 2.7

36. 9.

91.4 97.3

u. 85.

0.08 0.3

0.3 0.12

0.111 0.04

0.8

2.11

97.7

0.23

79.

0.20

75.

1.0

1.4

Il.

96.5

85.

0.1

0.19

4.9

* Resultsare theaverageof duplicatedetermination.

otherelemmta, and the dataobtainedin thisstudyare givenin Table312.

Ten tiigrame of -n (III)and either10 mg or carrier-freequantities

of the speciestivestigatedwereused in the study. The precipitatim

was perfornmdby adding1 ~ of concentntedNH40Hto 9 nil.of the solution

of ironand the others~ciea. The precipitatewas digastedat room

temperaturefor5 minutes,

Ferrichydroxideformsa gelathm.mprecipitatein

solution(aboutpH 3), and the ionareuovedfromsolutionto

degreeby th Fe(OH)3scavengerare thosewhichformhydrous

allghtlyacid

the largest

aide’sm Sl*tly

acid or neu~ solution.Ferriohydroxideis a vezyeffectiveacavenger

9
‘,



for iridium,remving wa%er than99 per centof the iridiumfromsolution,

bothwith and witboutiridiumcarrierpresent. Cerium,tantalum,tin,

chromium,and zirconlunmiobiumare also carriedto an extentof greater

than 99 per cent.

Ferric~oxide has beenemployedae a carrierin a separation

of tracequantitiesof iridiumfroma cadmiomtarget13.The imdiumte

recoveredby dissolutionof the ferrichydraridein 8N hydrochloricacid

and extractionof the ironinto laopropylether,leavingthe i.ndiumin

the aqueckmphase.

LanthanumE&@ oxi@ as a Carrierfor Iridium.LanthanumI@rmide

is alsoan effectivecarrierfor indi.um,and a studyof the scavenging

propertiesof La(OH)3has alsohen =de12. The precipitationof the

k(OH)3 was performalunderthe ea.umccnditioMae for the Fe(OH)3,excapt

that10 mg of lanthanumcarrierwere eubetitutedforthe iron. The results

of this studyare also giventi Table3. The b(OH)3 precipitateform in

theneutml range,at a @l of about7 to 8, ad ie leesvolundncuaand

elcuerto coagulatethanthe ferrichydroxide.

Greaterthan99 per centof th iridiumti removedfromsolution

with the Ls(OH)3,bothwithandwithcatimiium-ier. The othercations

carried to the eamaextentare antimony,carium,chromium,tantakun,tdn,

and zkcniunmiobium.

h. ComplexIonaof Irdium

hdium formsa *r of coIsDlexionsin sQlution,particdaFW

with the halogens;houwver,relativel.ylittleinformationis avdlable in

the ~lteratureon thissubject. The coqlexes of chiefinterestto

radiochemistsare the chlorideand brcnddecomplexes

in anionachange ard eolventextraction.

The abeorptdonof iridiumon anionexchange

acidsolutionshas teenexplainedby thepresenceof

whichf5ndutility

reshe from~drocbloric

The rapiddecreasein absorhabflityof iridiumfromsolutionslessthantwo

mcbr in ml indicatesa substantialreductionin stabilityof theseccmplexes

10



In diluteacid. Schufle,Stubbs,andWitmanhave

of tidium,and theyreportthatthe InQ~- ion is

excepbtithhigh chlorideccncentntions16.They

constantsrangingfrom6 to 13

morediluteml solutionsthey

a dissociationconstantof 1.5

Rossotti haS studied

forthe InCl~- ion

studiedchloridecomplexes

unstablein aqueoussolutions

determinedissociation

in8 to 11.6N ml. In

reporta positivecomolexion,InC12+,fith

x 10-2 to 3.3X 10-2inlto4NHcl.

the name of the indi.umbronrldespeoies

extmcted intoorganicsolvents17.Ha reportsan kL5r4-complex,whichat

hi~ aciditieeis extractedintoorganicsolventsas -. At 10V

aciditieshe statesthatthe predominantspeciesextractedare InBr3a~

NaI~. 18Positivefluoridecomplexesof iridiumhavealsobeenreported ,

Theseare Ii@’ ard InF2+.
Heplerad Hugus

In dfluteaolutiom of the

ions,InOHW and InX+, ti

19have studiedthe hydrolysisof indiumbalides .

halidestheyreportthe existinoeof two complex

additionto In+3. (X representsa halogen.)

In concentratedsolutions+,hecomplexionspredominate.IaCroti has

studiedthe neutralizationof a solutionof irdiumchloride,and he

reportsthe forrationof an InOH* COI@SX prior to precipitationcf lh(OH)320.

IaCroi3 aleo reportsan itiiumcmalatecO@-j b(C204)2-.

5. Chalate comp15as of mm

C-% oomgilaxesam e~qed aatenaivelyin the radiochemis~

of iridium.At leasto- of the chelatesb hsoluble ati thuse~l~ in

precipitationreactions.Othersare sciluhlein organicsolvints.Very

fbwof the stabflib oonstantsam avai3xkiLein tbs literatureforthese

complazes.I&tall am Calvina and themorereoenttsxtby Chabarek and

Msrte1122list stabili* constantsforonlytwo chelatesof Mu,

thoseuith @ycolic acidad EDTA. The eonatsntsforthesechelatesare

givenin Table4.

F’r=tlm littleMor=tton avaSlableon the etabili%yof biium

ohelates,it Is diffioultto comparetheiratabilitieewith chehtes of



TAEE h. S!CLBDITY CONS’IANTS~ CHELATESOF RJDIUM

IIdium
Ckdate IoDio

Chelatiw A@n t Fmd Log K stienKth Reference

glycolloacid In& 2.93 2.0 a

=2 2.59 2.0 a

hA3 1.78 2.0 a

% 0.65 2.0 a

at~lem-d~- InA 2h.95 0.1 b
tetraaoeticaom
(EDTA) 1.0 0.1 c

LAIK13 8.80 0.1 c

b. G. Schvarsenbach,R. %it, andG. Arderegg,~lv. Chim.
Aota~, 937 (195h).

0. K. saitoand H. Terrey,J. Che= Soo.~, 4701.

atabllity,Tl>lb ZGa>In>&>Cr SSc W rareearth,

fora fev ohelateccqlexea. Theye-tie, houever,that

~zwly a baaiafordlaouaaion.

The tItrons@low COIOrof the 8-4ydmxywindiDa

holdsroughly

thlais

complexof

Mum h chloroformsolutionhaa longservedas a baaiafora color~trio

=thcd of analyatiforhfiuma*2~. The solventextractionof hdium

lqdrayquinchte * dlscna8edm ocqletelyin a latarsection. Mium

hyd~te precipitaw &cm aqmoua adutiona at PH 7.4 j aud this

precipitationhas beenemployedin radiochemical.mcedures to obtain

tha iridiumin a formanitiblefcrradioaaaay9~10.

The di.thizone@mplex of Mum has alaobeenezqloyedin

Colorinmkclcmthoda of m’dysitaz~,zb.This Cmllplelalso ma utility

in solventextmcthn procadurea27. Otherchal.atecomplexesof iridium

empl~ed in solventextractionproceduream thosetith TTA3,aostilaoatone28,

and diethyldithiocar~29 ~30S31. The acetylaoetomextractionwooedum

ia uniqueh thatthe chelatingagentalso sarvesas the organicsd.vent.
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The ohelatecoqikx formalbetmwn *m ad EDTAform the

baati of a ocmplaxomtriotitrationprooeduraforitiiumanalye#2. The

indiw b titrateduitbEDTAat PH 2.3to 2.5ueingl-(2-_laso)-2-

na~thol aa an imdlcator.!thlacanplexof ifiinmia verYstable.

6. &traotion of rim ThenoYlTrilluoroaoetone(TTA)
Complsxof kiium IntoOrganloSolvente

The =traction of the thenoyltrifluoroacetowcc@lex of indinm

intoben8enehae been 0tudied3. The Imvestigaticmereporteduera forboth

earriarand carrlm-~ quantitiesof inkkm ad forconoentmtiom of

0.10,0.25,aud 0.50M thenqvltriIluorQ80etomin beneem. CurveSvere

obtainedforthe pmc$entagaextractionof MU as a funotionof PEL ad

there was littledifferencebetweenthe curvaefor oarrierand carrier-~

-tractiona. The axtraotionof idium 3s MgligiWe helm pH 1.3with0.50M

TTA in benaene,hlcu PH 1.5 uith0.25M !CTAh benaem, and belowPH 1.7

with O.10II!TM in bnaem. The ~rcentageattractionincreaeessher@y

abovethemepH valuesuntil it reachesapproximately95 per oantat pH 2.2

with0.9 M lT4,PH 2.5with0.25?!TTA,and PH 3.1withO.10M TT-A.

Contamimtionstudieswere made forimliurn-traction -0.5 M

TTA In -CUM

acidphthalate

(oarriePfFee)

Uaemml,and

at a @ of 2.13. The axtmlctionemm made mm 20 ml of

bufferof pH 2.1 carkaiming 10 mg of imliumoarrlerand tracar

forthe contaminatingelemnt. The volum of eaohpbaee

the extractiont- uas ~ xdnutea. The reeultsazw givenin

Table5. ~ separationis cleanfor-

foriodhw, tin, tan~um, and zirconiu

7. h-dim of IridiumMO

of the elemnta teetedezoept

or@lILcSolvente

Solvent extractionhae been employed to IVOm extent in the

radloohemicmlanaly8isforWium. The ~thcds reportedfor solvent

extractionof irdiuminvolvethe extractionof &late coqikea m

inorganicealtaof idium intoorganlosolvents.The extractionof

iulium bromide into varioue etherehae ban studiedby eeveral

and la evaluatedbelw. Two chelatecmplaxee of ~ which

Imveatigatmv

have fourd
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applicationh solventextractionprocdureaare thoeewithaoetylaoetone

~ &~_hu. These@ otherPooeduresare discuesedbelou.

An excellentretieuof solventextractionnmthcdebaa beenpubltihed

w Morrisond Frd.aer 33.

TmAE 5. CONTAMINATIONOF IXDID14 SW
ENIY

TED ~
T~ EKT!RLCTIONINTOHSNZ

Traoer Per CentExtracted(a)

1.0

c#, F@ 0.3

Co@ 0.5

C& 0.6

~pll 0.05

W(plualo rgofcwriar) 89.4

1~1 7

$92 0.35

~m, ~lti 0.7

#4 0.1

%76 0.1

s$3 . *m 8

S# -9 0.5

~a182 3.1

Z#, ?ll@ 119.5

(a) Avarage of d@Licate rume.

DletJ@ Ether - The =traction of h3ium brndie Intodie~l

etherhaa baenattied by eeveralimreatigatore3~12)33J34J35g These



solutionL to 6 md.ar in ECEF. A oriticsl evaluationof thisseparation

mthod has ban mde, and the effidsnq of the separationof iridium

aever~ otherelemnts haa beenatudhd3. Talil.e 6 givesthe results

study.

TAHX 6. CONTAMINATIONOF IND~ SEPARkTEDBY
HIOIDIEEXTRACTIONINTODIETHYLETHER3

Tracer Per cd rhtractti(a)
#o 0.055

(#’44, # 0.01

Co@ 0.009

G& 0.012

CEW 0.015

N (plusD mg of carrier) 93.0~ 2.o@)

#1 6.7.6.8*

9 0.017

~lo$ #16 0.015

+.1+ 2.2,0.2*

~76 23, 7*

gJ13 . #3m M, @

Ta182 0.08

z#5, ~5 CI.01.8‘

(a) Average of d@loate ruaaexoeptfor Hum.

● Valuesforprooedureatithtuo4.S 14hyd.rohromicacid
Uadles.

The extractionprooednm used to obtii.nthe resulksh Table6

ma a~ folhwsz ten ti of L.5 M @drotitic acidsolutioncontaininglo q

of Hum ad a tracer(no tier) forthe cent.sdmtingelemnt Was

stsrredrapidlyfor2 ELIuteswith 30 rd of dietbyletherin an extraotioEI
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tube. The aqueousphasewas drained off,allowingone dropof the organic

@aae to pasa throughthe stipcock. The etherphaseuas wwhed by atirrhg

for2 dnutea with 10 d of 4.5 M hydrotiomlosold. W aqueow phasewas

againdram off. Tuo wash stepawereueed to obtaintlmperosntages

stirredin Table 6. The imdium vaa bsck-extractedlzPstlrrhg for

2 ndmutesuith10 ml of 6 M l@rochloricacid. Yieldsuerede~

ty radhasea@g an aliquotof the aqueousphaeeim a saMillation well

ccantir.

The high distributimcmfficientobtati tith dietl@ ether

underthe comflticmedescribd abovegivesan iridiumyieldof ever

90 per cent,withpbaaeequilibriumtdng raaohedh 1 to 2 sdnntesof rapid

stirring.Nom of the elemnta %estedtiereappreciab~extracteduitbirdlum

except for iodfi, antkuyj sdenium~ ami tti. A second mashstepuas ueefcl

to *CC the con~tion W ant- and selenium.

Irvingand hotti~ have -eetdgated theexbracticmof other

idium halideetitodiethylether. They foundthatgreatarthanY9 ~ -nt

of tb iridiumicdldeIs extractedfrom0.5 to 2.5 X hydriodicacid

solutionecontdnimg &cm 0.6 @ to 3 a of In13. ‘by reportthat

1 to 7 N eulphuricacid contaimhg1.5 M pdassium iodidecanh usedIn

place of the hydriodicacid h thQextraction.Theyalso foundthat~ium

chloridewas not eigciflcanw extiactedintodiethyletherfromhydrochloric

aoidsolutions.Aa describedabove,iridiumhas beenback~tracted from

diethyletherinto6 K I@rocbloric acideoluticms.The distribution

fkctorin t~ extractionmaa leas than0.005,allcuingcompleteIWX2very

of the hdium fromthe die~l ether3J2. Bm@ npcrta thatiiridium

chloridecenb extractedintodietlqvletherfromI@roohloricacid

solutionscontainingNH@J. He obtained75 per centextractionfroma

efilution0.5 molarin HCIJ2.0 to 3.0 molarh NH@CW, and 0.1 molarm

InC13.

Iecpro~l Ether- Iaoprowl etherhas aleobeenused forthe

extractionof indiu.mlmosdde6J~. Eudg6naand Nalaon6recommsmltheuee

ti



of speciallypurifiedisopropyletherh the radiochemicalseparationof

imiiumby solventextinction.‘&y separatediridium~m zinc,tion,tellurium,

and alumlnumby extractionof 10 mg of imiiumfrom20 ml of b.5 M hydrobromlc

acid solutioninto20 d of isopro~l etbr. Tvo extractimayielded

98 per centof the Hum. The biium mas renmvedfkomthe organicphase

ulth S M hydrochlofioacid. Koak and Hoetax eepsuatedindlumtram

sinoby extractingthe iridiumfrom6 M hydrobradc acidtitoimpr~l

ether#

liter,

of the

With InBr3concentrationsof from1.4x 10+ to 10-1malespar

greatertb+an97 per centof the Itiitlmuae aztracted.The ex+msction

zincwas negligible.

The use of comumrciallyavailableieo~o~l etherhas been

attemptedin the extractionof iridiumbromide,lmt It uaa impoeslhleto

obtaindistribution-fflcients grsatirthan5 ui+ih4.5 H l@robromic

acid and10 mg of imilumcam#. With oneuaeh of the organicphaeethe

hdium yldldwas redmd to about60 par cent.

Cyclohsmanone- CycbhEUanoma has beenemployedae tha organicphase

in a eolvantattractionseparationof 10 to 15 mg of Lmdlumfr- 10 w of

gallilUU39. The Hum as imlinmIodideuas quantitativelyextractd tito

the oyclohaxanoraleavbg greaterkhan99 pr oent of the @llinm b the

aquems phase. The aqueousphaseuae 0.25mel.mh KC ati 0.1 normalh

sdfuric acid. l’hevo- ofeach@aeewas50 BL.

8-Egdr oxyquindtie h c~orofcu-m- Iridiumcanbe quantitatively

8 40,U.extraotedintoa solutionof 8-bydr_tidima in oMoroform ~

The solubfli~h chloroformof the chehti formalbetween Minm and

8-bgdraryquinokLneie 0.24molarat 18 C8. Knozand Splnkacontaoteda 2 ~,

aoetatebufferedeolutionof 10 mg of biium uithO.5 ml of 1 M

8-@droayquimollneIn chloroformand obta~ practloallycon@ate

extinctionof the imdiuEP. Mllmr extracted-Ium into0.5 ~ cent

solutionof 8-&dr~uinolime in chloroformfra aqueouasolutiom in the

pE rangeof 3.5 to lL.5~. LaCrotiesployeda O.1 M solutionof

8-hydroxyquimolimah cliLoroformand an aqueoussolutionat a pH of 3.4 to

8extractImdium.
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Acetylacatone- The chelatecoqibsxformalbatweenimliumand

acatylacetonecanbe extmcted intoaoetylacetom*cm an Indti solution

28
inthepHrangeof3t06 . Greaterthan99 per cent of the imiinmis

extracted,but a numtmrof othernmtala&o eztracttier thesecomiltiona.

DietbylMthlcarbamlne in Chloroformor CarbonTetrachlaride-

The diethyldithiocarbamime(DJITC)co@ez withHium has been axtnacted

into Woroform and CC~*’30’31. Claassen, Ehatinga,ad Visasr29

aepsmkd imiiumfromalusdmm by axtractdngthe iridiumintochloroformfrom

an aqueoussolutioncontdnimg sodiumacetatiard sodiumdietbyldithiocarbamtai

at a pH of approximately4. we30*31 repctrtsquantitativeSXtmaetionof

t~ DDTC cosqilaxof Mum hto CCl~ fkomaqueousaolutlonaof pH 4 to 10

and fromaolutlam cmtAtiingKCNat pH 8 to U, Morrisonati Freiser33

recomnd a CC14extractionof tilum froma sdution at pH 9 cmtainhg

~~ and S&iU dietl@dithioca*te . The extractionis completeh

1 ~ta. Manganese,aut~, telkrium,and mall quantitleaof iron

Sleo&tract.

Dithi50m in Chloroform- Lukeand Campbell~reportan extraction

of Imdlumimtoa 0.01$solutionof dithl%ma (diphe~lthiocarbazone)h

Omoroform. m aqusousphasewas u Slhaw solutionContahingMCN.

*io 0s in Bltanol- FlaschkYl~w studiedthe extractioninto

butanolof theWo (M (ncmsulfonatedErioohronmHlaclfT) comgilaof

imiium He hvesti.gatedtheeffectsof severalhold-baokions or ~g

agentsand foumithatat pH ID indlumcouldbe extnc~ Intobutamol

and ErloU fbomsolutionscontalnirigpotassium-de, oxslateicms,

or ammmlum ions. The iridiumwas not extractablefkomsolutiom

oomtabingCo@exon III or tartratetins.

btylphos~oricAcid In btyl Ether- Greaterthan95 per csnt

of th imiinm- be extracted&cm 1 H ~ containing3 per cent~~

intoa 0.06M lmtylethered.utionof dibntylphoephaloacid (cmrkaiohg

scm3=ok~lphosphorlc acid)u. The nmleratioof dibutylphosphoric

acid (DEPA)to smnobutylphoaphoricacidwas ~.~:1. The sanmmsulta were

M



obta~d uith

equalVolllma

a 0.6 M t301ution.

of tieorganicand

rivend.nuteabf

aqueousphasea.

mlmlngwere requiredwith

0.004 PI

DBPA h

heater

With an aqueouephaseconsletlmgof 1 M E2~j 2.5 M (~)2~,

oxalic acid, ad 6 par cent ~~ and an equalvolmu of 0.06M

ktyl ether,85 pr cantof tbe Mum was extractedin 1~-minutes.

than95 per centuaa extractedin ~ ndmuteafromthlam aqwoue

solutionhtO 0.6 M DBPA.

8. IonExchangeMmticur of Idium

The majorityof the ion exchangeseparationof Imdlumfoundk

the literatuw are anionexchangeprocedaree.Hlckaand ccworkert#have

deecribedqualitativelytha separationof itiiumfrcmotherelemmb by anion

u
exchange,andEmuse~ NeleonandSmith havereportedSmlaquantitativework.

Iridium(ICI)sbma appreciableadacrptionon an anionexchan~

columnwitha bydroticrioacid concentrationgreaterthanO.5 molar,tit

it ie nemr verystronglyadmrbed”. Krause,et al., reporttbt the

adsorbabilibof @urn decreaeeeveryrapidlyblow 2 M HCl,and tw

statethatthis b probablydue to a decream h the ftacticmof the

indl.um in the formof am adsorbablecomplex(I&16-3 or JnC14-)U.

Jentsa*, et al.,haveemplwed ion aAohangein a quantitative

-is SC- to SSIMmte irdiumfmm iron, Lud.mO, manganeee,ad

arsenlcb5.Theyaddedthe Mum to the colnnmin a ~ M ECl solution

and elutedthe hlinm withO.1 M HO1. Jentzschand Frotacherrepcrt

elutlonof imliumhorn● Wofhtit I@ anionreeinwith ECl,1 molarcm

Veakew.

b

thalliumhaa

HCl solution

adon emhange separationof imlium,alurdnum,galllum,and

beenzwportedby lkauaeand cmorkere~. Theyaddd a 7 M

of them elmnte to a 20 cm x 0.4 c# colunmof Dcuax-1

(200-230mesh). Usinga flw rateof 0.3 b 0.8 c@min ad a 7 M HCl eluant,

theyelutedaluminuminthefirat20 riLamlhdium intheneut~to60 nil.

They-t elutedgalliumwith 20 ml of 1 M ml ad thalliumwith 800ml of

4 M mq.
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The contaminationof iridiumseparatedby anionexchangefmml~

otherspecieshas hen lnveatlsated3J*.The ~ati Wed waa h= 2 tith

8 per cent~~a-lg, 2c0 to 400 meb, in the chloridefor= ~

8.5 cm x 0.4 ma colum was emplmd uitha flowrate of 1 ml h 3 ndnutia.

The aamglein a amdl volum of 6 M HCl maa addedto the tap of the reati

COIUIIWIand allowedto seepinto* resinbed. The elutionwaa perfcmmd

with6 M ECl, and greaterthan95 pr centof the iridiumwaa in the

6 through20‘~ ptii~. The reaulteof the ccmtambationatudleaare

@ven in Talile7. Carrier-fYeequantltteaof iridiumand the contaminating

iaotopeawere used.

The reaultegivenh Table7 were foundto”be reproduciblewhen

carewaa talomin addhg the sampleto the top of the colum3. The

samplevoluxeshouldlm keptto a ~ ad addeddirectJyto the

resinbed in sucha mannerthatthe reaervalxabovetheresinis not permitted

to bco= o~ted. The eluantshouldbe Umed to talldropulaeonto

the top of the main, with no morethan 1 d in the reservoirabovethe

main. Thispreventecontamlnatic&of a largevolum of kha eluantand

aubeequentapreadimgof the eluticmbad.

The contitite fallintothreegroups. In the firstgrmp

are the elemnta ao slightlyadaorbedaa to be elutedabmat comete~

befcwethe Imliumbegha to appear(Cc,Ca,Crj Se, Sr, Ir, andRu). All

tit iridium’and rutheniumcontazdmateto leaathanom per cant. The

secmd,groupIncludesthe elements whoseelutioncurvesoverlapto a

greatextentthat of imiium(Co,Ag, andZr-Nb). The thirdgroupare

thosewhichbad nutyet appearedb ~ aigniflcantde-e at the 20 ml

pointin the elution(Sb,I, Ta, ad Sn). Thehigbeetcomtaminatiah

thisgrcmpla causedby tantalum,whichie elutedcontbIoue4 but at a

low rate.

Anionexclmngeuith 6 M HCl ia considerablybetterforseparation

of Hum mom

extiactim and

bin ad seleniumand a~t betterfor Iod- thansolvent

sulfideprecipitation(SeeTablea2, 5, SUMI6). It cannot,
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however,competawith solvmt extractionforseparationof

elemmte.

!lXBLE7. CONTAMINATIONOF nJMSEPARATED
EYANIONEXC

idium fhmDm3t

Tracar %r CentCarried(a)

&llo 25

@4, ~ 0.13

C060 43

Cs 0.6

(#h Oo11

95.5 f 1.2(b)

1.1

3.7

22

2.0

0.3

0.4

0.1

6.2

31

(a)

(b)

Fariehas

Averageof duplicateruneexoeptforiridium.

Averageof quadruplicatarue. Errors
~e ma-m deviation=.

studiedthe adsorptionof about50 elwnts tidbdhg

iridiumon a ationglybasicanionemchangerestiin a hydrofluorioaoid

mmiiu#. With a Douexl-XIO(200=ah) -in in the fluorideformhe

foundno admrptiom of irxlium&cm HF soluticmamangingb concetimticm

fPoml*to24mlar.

KLamnt and Sarrlmnreporta ae~mtion of iridiumfrom other

=tion exchaug&7. Theye~opd a 100 om z 0.8 cm columm
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of Douex~(20~nmsh)in the H+ formandaflw rate oflomil per

minute. They foundthathdium couldbe elutedwithhydro@loricacid,

O.& normmlor stronpr. The volunmof - requiredto elute0.2 g of

idium uaa about2 liters. The concentraticauof HOl reqsiradto elute

aonmof the otherdlemsntateeteduerex Pb andZn, o.~ NJ Gn, 0.7N3

Fe(III), 1.0 N; amiGa, 1.3 N.

v. DISSUKdJTIONOF lMTEXUAISCONT~RiG IMOIUM

Maqy=teriala in vhlchIridiumml~t be foundare aolubleiu

dneml acids. This wmld includamoat-rala, tlm cmn inaolu~e

aaltaof Hum, and s- cyclotrm targets.Cyclotron-bombarded

oadmiumtargetshavebeandiaaolvedin a few&ope of hot, concentibd

%1 and alsoin a largervolnm of 1:1 HN03U. Ant- metalcyaotr~

targetshmve beandlasclvedw heatinguith15 dropaof 27 M HF in a luetroid

tubewhfleadtig mncembratedHN03dropiael. One exaqle of a mineml

containing=um b cyIldritau. Oylimlritew be diemlved w heating

nlth 5 ml of concentratedS01 - thenadding1 EL of cancentmtadHN03

ad rekmctbg.

Sormtiral.a and rocksdo not dissolveso eaaS1.yad mt be

brouzt H ~oluti@ by ~ of a faeim. S*S, tit, ad Iming have

reportedan alkalineperoxidefaiaionprocedureforM pwpoae9. They

tied 3 to 4 gram of powderedmxliumperaxideuith0.5 g of the mineralor

rockh a aflicacrucible.A thinlayerof atiiumproxlde ma spread

overthe top of the udxtn.re,ami the oruciliLew heatedat l@O to 500 C

for10 to 15 cd-rrutesto fusethe mid-e. The mlt waa then cooledand

&lsaolvadin 200 ml of water. A a-r fusion~ocedure has keen

reportedforthedtisolntionof meteoriteaamplesL9.A 1 g sarple

of the meteorite(fimW ground)wcs fuseduith 8 g of scdiumperoxide

for2 minutes In a nickel crucibleand dissolveduith cautionin 50 nil

of uater. Adequateaafetipre=utlona,suchas tkauae of heavyplastia

ehlelding,shouldbe useduiththesefuslcms,foran occasionaleample

W explodevlolen~.
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VI. R.Al)IO&3SAYTECHI@Ul?5FCR INDIIJH

In theradioae8ayof EIohitionaor p~cipitatea

radioactiveIsotopesof Uium particularattentionmet

containing

bepnid to the

dacayachemeaand radiationsof tlmseisotops. Such fhctoraae halflife,

~ of tiation, and ener~ of radiationmet be ooneiderad.Th nuolear

cba.racteriaticaof the isotopesof ~ium canbe fmmd b the literatu#

and am eumariaedin SeotlonIII.

hdium has one radioactivetiotopewhiohoccursh nature,1#-~.

Tk naturalatince of 1#~ IS 95.67 per cent=. h othernaturww

occurringisotopeof idium b etiblehlU, and it haa an abundanceof

4.33p8r nent~. IndiwllS erdtaoilybetaparticlea with a meximm

emra of 0.63Mevj ao it an be radioaamyedreadilywitha beta counter.

The epeclflcaotivi~ of naturd-occurringi#~ has tmendeterminedto k

10.9 diatitegntioneper -ta per gramof idinm, ad &a thiss~cifio

activitythe halflife ia calculatedto be 6 x @ yeara52.

h a thermalIY3utronactivationof Wimm In”, Inl”, Intim,

~ #6 are prcduoed.The km d In- are geneticallyrehted S@

canbe treatedaa oma isotopein radioeamyprocedures.Eitherbeta or

gzmmaaaeaytechniquescanbe ap@led. In a ganmmecimttitzon apeotmm

photopeakeare otiervedat 0.192,0.556,ati 0.723kv, but th twohigher

enerw gama rays are la in titenei~. Ind-llh my be deternbedby

countingthe 1.9& WV betaparticleavith a Geigeror prcporticmal

oounter,but oormcticuwmet be appliedforthe eleotronafromthe 0.192WV

Iaom?mictransitionwhichla approxirmtely80 per centtitermlly converted.

Hudgeneand Neleon6reportthatone tiU diehtegratim yieldsO.n

betaparticleaand1.08 gammarays;and alma the0.192&v gamaaraysare

UW.Y co~~d, * Obe-d beta countingrate is approaimatilyequal

to tuicetie tmtadieintagrationrate.

Indin=u6m emIta betaParticleawith maximm energiesof

1.00Mav,

Geigeror

0.5 ?kvv,and 0.60%v3 ao It my be radioasaayedwitha

proportionalcounter. ThieIsomr of In116alaoemitsseveral

23



(SeeSectionIII)whi~ maybe deterrdnedwith a scti~tion

No geneticrelationshiphasbeen establishedbetveenthe tuu

~omr~ of ~116, so ~b 13 ~emd #6 ioanershcmldnot be encountered

h an activatedsampleunlessvork is begunimnmtitelyafterirradiation.

Iudium-116emitsonlybetaparticleewitha mximm emr~ of 3.29 WV,

ao it m be mdias~ed ody W betacountingtechniques.&* ~lu & lb

ati #16m are used as rddiotracemfor~ium. .

The fissionproductisotopesof hdium are #* ad InU7.

&Mwl15m has a halflife of h.~ ham and emitsbothbetapartld= and

gamm rays. The 0.83Mav betapartdolescanbe deterndmedvltb a Geiger

or proportionalcounterj* the 0.335 MEWgammaran can be determbadwith

a sclnt-tion wunter. IndiwwlJ7has two geneticallyrelatedismmrs

uith blf livesof 1.9 hoursand 1.1 hours. %ti umn=s edt bothbeti

~ides and gammarays arnlcanha deterudnedw countingeither.

Indium-l15mis alsoencounteredin mutron activationof cadmium,as it is

tlm daughterof Cd”~.

The otherradioactiveIsotcpesof bfiu.mare not frequenw

encountered,andmrmt of themare short-lived.The purebetaemittereare

hw, #m, and #. The othere,with the exosptionof In” and Innfi

emitbothhta partid.eaami gamm raya;so thegmaybe determinmfeither

~ nmanaof a Geigeror proportionalcountiror a scintillationdetector.

Indium-111decaysby electionoapture,so it ti bestdetermimdby m.asurwmnt

of its 0.172or 0.247&v @mom rays. Indlum-U3mdecaysby a 0.392Mav

famric transition

the 0.392M8V gamma

to =J23 , so it can be determinedhy radioasaayof

m.



VII. COLLECTIONOF DWfAm RADIOCHIMICALPRCZEDURESFOE IMOIUM

RCUEMIRE }

RADIOCHE!#IOALDEITZUDMiTIONOF lNDIUM

1. Intrdlction

A radiochemicalprocedureforNium has beendeveloped&cm khe

fieldard ccntaniinationda~ Pesembed h ‘lables5 and 6 in SeotionN.

h pwedure consietaof two solvent extraction18teps,a bromideextraction

titodietl@ etherand a thenml trifluor-cetcme(TTA)extratiionMO

bemene. T~ ~t~ b applica~e b bothcarrierand carrier-fEee

quantitiesof iridiumandresultsin yieldsof ihm 70 to 00 ~r csmt.

Deccntamlnationfactorson the ordarof 105 to 1.07are achievedformost

elmnta.

opntion,

sufficient

The procedureis neat ami mpid, is easilyadaptedto

ad may be psrf-d uith materialsresd31yavaKlable

pui@ to realisethe fWl rapabili~ of the ~thcd.

routim

ill

2. E@lipment

The extractionveseella an opsn-topglassqlimler, 3 cm in tiwter and

9 @ M@, tapered sharply at the bottomto a 1 mm bcreetopcook. The

electricatdrrer,continuouslyvariableepaed,is a glasarod 7 am h

dbter, flahterusdand t-ted on theeti forstirringrod.

3. E8agente

l@drobromicacid,4.5 M

Dleti@ ether,MS analyticalmageti, ateoluti

Hydrochloricacid,6 M

Puffersolution- Resgeutme potassiumacidphtihalatiplost@rochloric

acid (0.2 M) in proper proportionto ~ #i 2.~

Thenoyltrifluoroacetom(TTA),0.SM h h==.

h. kcadure

An outlhe cf the procedureis @ven in Table1 alongwith ~

yieldsanddecontandnatim

stepla given

step1. Make

bslcw.

tha eolutdon

factors.A amrecompleta

4.5 molar b hydrochloric

25
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~ 1 (Cent’d)

w 1. EAlmcHmIcAL DETEE IONOF INDIIJM

1.

2.

3.

L.

5*

6.

7*

8.

9.

10.

h, Ag, Ce, CO, Cr, (kJh1, I&,E&a,Sb, Se, Sn, Sr, Ta, Zr
I

Mske mlution L.5 M HBr

Md triplevolwm dist4yl
ether,stik2 Ednutas

~contand.uation factorss

1-10Sn

10-1~ 1, Se
Wash twiceWth 4.5 H laa -

Hsr, 2 dnutes

~-extract With 6
Stfi 2 Y&lutes

Evaporateto .4 1

Md NaOHto about

J
10z-lO= Sb, Ta

M Eel, 1~-ld Ag, Ce, Co, Cr, Cs, I&,Ru,
Sr,Zr

EromideEztiacthn of lkdium Yield90-95%

:Z=ficto”;

&id @fwvium acid phthslate
buffer (PH 2.k) to 20 ml

Md equalvolume 0.5 M
TU in bsnmne, stir
5 ndnuw

Sepamte layers

I.02-103 I

103-lC+ Zr

lC#-105 &, Ta

105-106 Ag, Ce, Sb

106-107 Co, Cr, Cs, IrjFtU,Sr

‘lTA&tractIon of tiiu.m Yield70-80% ‘

Countaliquotof organiclayer

step 2. Contactthtisolutionwitha triplevoltumof diethyletherin the

cylindricalseparator funneluitbrapidstirringfcu’a periodof

two minutes. Discardthe aqueousphase.

Step3. Add a vohum of 4.5 14hydrohroticacidequivalentto the volunmof

the solutionh Step1. Sth two minutesand discardthe aqueous

phase. Eext thewash.

step4. Add a voluueof 6 M @frochloric acidequivalentto the pmvioua

aqueousvoln~e. Stirtuo minutes.

Step5. Qrav offtb aqueous

step6. Add sodiuml@roxtie

volum and evaporateto aboutme ml.

to bringthe pH to between2 and 3.
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Stlap7.

step 8.

step9.

step10.

PRXEMM! 1 (Cont4d)

Add potaeaiumacldphthalatebuffirof pH 2.4 to king the

Volulmto 20 Et.

Add 20 d of 0.S H TTA in benaermand stirS minutes.

Dmaw offtheaqueousphaseand *card It.

Fipetan allquotof the organichyer for counting.

If tin is a majorinterferencein the sanple,the pro~

nay h variedby eubstitmtdngan anionsxohangestepforthe thenoyl

trifluormutone extlxlotion.The solution&cm S%ep S is addedd&ac~

to theresincolwm, ami the indlumia elutedwith6 M l@rochloricacid.

TIM alternativeprocedure(fromStep6 on) is aa follmas

Sfap6a.

StOp7a.

Step8S.

mixtures

Add tk 1 xl solutionto the top of an 8.5 cm x 4

resti(Dovex-2in the chloridefirm)and allowto

reelnw.

mm Colum of

SeepIntothe

Flute uith 6 Ii k@roohlorlc acidushg a flowrate of 1 ~ in

tkmeeminutesami,aa~ the 6 through20 ti portionwhioh

contahe tha m$ority of the indinz

Countam tiquot of the eluant.

5. Diacmsicm

The prooed~ describedabovela usefblforroaq typaaof

ad is readily adaptedto remotecontroloperation.In aorm

casesthe decontaminationfactoraobtainedin thabroaddeextractionmight

k sufficientand the TTA extmctim ntid be unneceaaarg.The TTA extraction

ia particubrw usefolfordecontaminationfkomantimmy and aelenlum,but

aidave~ littleb aeparationafromtti,iodine,ad zirconinm.When tln

is a majorcontiminamtan anionexchangestepaubetitutedfor the TT4

extractionwill raisethe deco~ tion factarfortln to M#-1$ ad

willrestitin an iridiumyieldof 80 to 90 per cent.
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PROCEDURE2

sourca- R. c.
w. w.

mnlJM

Lfly in rqmt AFZD-2i’38,editedby
Minks, August191J9.

Targetmaterial:Cd (sepamtedisotopes) Tim forseparation:2-3hours

Type of bombardment:Deuteronaand Eq@pmnt required: Malmra,
protona- 60W fbnnelr3,Hirschfunnel,sepsratary

funnels,pH reter
Yield: Approximately90$

Degreeof Wifi=tion: good- at leaet factorof 100 fromotheractivities
presm

Advantages:Goal separation

fiocedure:

(1)

(2)

(3)

(b)

(5)

(6)

(7)

(8)

Dissolvethe Cd target,weighing10-15mg, in a fewsdlliliter8
of con~HN03 h a smallbeaker. tin all of the materialhas
dissolved,evaporateto drynessto driveoff“excessHN03.

Add 3-L mg L and 3-4 mg Ag as the nitnte acilut~onqand dilute
to approximately10 @l with H20.

Add 1 N HCl dro@ee untiltheAg is completelyprecipitatedas AgCl.
Coagol~tethe precipitateby heatingand f!llterthrougha smll #42
Whatmanfiltir~per in a short-stemmdglassfunnel. The filtm,te
containsthe Cd and IIIha ctiona. (TheA@ precipitateb worhd up
separatelyas describedin theprooedureforAg from Cd targets,
No. b7-3) .

Make the filtmte a~ul and add
nitratesolution.AcidifywithHN03
HC1 to jneurecompletiprecipitation
@ heattig,filteron #1+2paper,and

Mjust the pH of the filtrateto 3.5
to a SO d separator funnel.

Extinctthe In by sba!dnswith three

another3-4mg Ag as the
audadd a fewdropsof 1 N
of A@. Coagulatethe p%cipttate
discard.

with NH40Hardtransfer

portionsof 0.02M 8-HvdroxY-
quinolinein CH361,draw%g the organiclayersoffintoa s~coni”
separator fumel aftereachpass. Discardthe fewdropaof
tied solutlonwhichremainin the stopcockafterse

Y
rationof

layers. (TbmIn is cmtaimd in thisorganiclayer.

The Cd remainsin theH20 layerand is workedup separatelyas
descrikedin the procedureforCd fromCd targets,No. 48-3.

Treatthe organiclayersin the sewnd funnelwith sn equal
volum of pH 3.5 HCl solutionto remme tracesof Cd.

Draw offthe.organiclayertitoa beaker,add dfluteml and bofl
offtheCH3C1. Add NH OH to precipitateIn as the 8-hydroxy-

l!rquholate and f31tert ougha #42 Whatmanpapardischeldh a
Goochcrucibleor Hirschfunnel. Suckthe sampleon thepaperaa dry
as possibleand thendry the disc m.eftdly under a lampad mount
undertape.
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~ 2 (Cent’d)

Remrks:
See Scott(Std.Fkth.Chem.Anal.) for completetifornatlonon the
precipitationof A@.

See S.andell(ColofimetricDatermbationof Tracesof Metals)for
fbrtherfiformationon the extractionof In with &l@mxyquinoltie.

PRCCEDURE3

RIIDIUM

“soul-w- R. C. Lfllyinrapt AECD-2738,edited~
W. W. Meinke,August1949.

Targetmterialz Cd (separatedisotopes) Tim for separationi 10 ti.

Type of bonibarchant;I!%uteronsand Equipmentrequired: Small
protone- 60- beakare,pmcebin filter

Yield: 50-75%
crucible,filterflasks,Cooch
crucibleand holders,glass

Degreeof purification:god - at least f’wmaland filterring,te~t

factorof 10 fromotheractivities tube.

Advantagesa S~Sd

Proceduret

(1)

(2)

(3)

(4)

(5)

(6)

Remarma

Dissolvethe Cd targetmaterial,weighm a fewtiligrams, ti
a fewdropsof hot cono.HN03in a 20 ml beaker. &ld2mg Ag
and 2 mg k as thenitratesolutions.The totalvolunsat this
pointshouldbe approximately5 nil.

Add a few dropsof methylorangeand neutralizewith~OE until
the solutionis slightlybasIc (yellow).Coagulatethe ~ecipitate
fora fewsecondson a preheatedhot plate.

Filterthe samplethrougha porcelainfiltercrucibleintoa 250 d
filterflask,uatigsuction.Wash theprecipitatewitha small
a~~ of 1$ NH4N03SOIUtiOI1.

Placathe cruciblecontaMng theprecipitateon a rubbr filter
ringin a glassfunnelad arrangea teettubain the filterflask
in sucha way thatthe tip of the funneldrip intothe tuba.
Dissolvethe precipitateh HN03and suckit throughthe fYlter
intothe testtiba.

Liftthe tubaout of the flaskand pourthe solutionintoanother
20 nl beaker. Repeattheprecipitationas in (2)and filterthe
In(OH) througha #112Whatmanf!ilterpaperdischeld in a Gooch

dcmcA e or a Hirschfunnel.

Suckthe sampleas dry as possitleand thanpour1-2 ~ acetons
thrcughthe paperto remve theresidual~0. when the paperd~ c
is dry,mounton a =rd undertapa.

IIIrmacticea se-nt cmeiatirmof amroximately10% of the totalwas
ueuati &t frcmthe&led paperdls;ad &mt.ed sep&ately foruse h
countingthe shorthalflives;the rerrainfar,whichwas too activeto ccunt
originallywas thenused to followthe longerhalflives.
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PRooEmJm4

RiDIUM

Source- ~ Lindnerh reportAEZD-2738,editedby
H. W. winke, August1949.

Targetmaterial:Antimony(+ .5 g netal) Tirm forseparation;1-2 hours

Type of bombardments184=a & D2 Equipmentrequkmd: Lueteroid
tube,centrifuge,cones,tank

Yield: 5M or greatar &s, Q

Depee of purification:At leastfactorof I.00

Procedure:

(1)

(2)

(3)

(b)

(5)

(6)

(?)

(8)

(9)

(10)

(U)

(12)

-(13)

To t@e targetadd15 dropa27 N HF in lueteroidtubein hotuaimr
bath. Md cone.HN03dropwise-untfl dies olved(10min.) Dilute
to apprcmimately20 uil..

Add 20 mg eachTe, Sm, h, Cd,Ag, Pd, Ru, Mo, Y carriereaa soluble
861tiz.Add 2 dropscone.HC1. Centrifuge.

Divideaupn.intotvo equalparts.

Evaporateom partto near-drymess.Cool,add 20 nil3 ~ HO1.

Hoilthe supn.to expel~, add ~ DL H20.

Saturatehot uithH2S untilSb@3 pm cipitation complete.

Evaparatethe supn.to neardryness. Takeup in 15 nil1 ~ NaOH.

Hash the Cd and
%

bydroaidewithverydiluteNaOH,diesolveh
Hcl. Add2sg Sn holdback.

RepeatNaOHgmecipitatlon,dieeolveand ma!.mto 15 ml In 2 ~ HC1.

Add.5 mgSb-, 2 mg Te03mad saturatewithH$.

I!oilsupn.to expelH2S. Add exoeee~OH. Centrifuge.

Dissolvethe In(OH)3precipitatein HCl. Md 2 mg Cd-. Repeat
NH~OHtreatment.

D5asolvethe In(QH)3precipitatein HOl and platean aliquot.
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“hcmuRE5
INDIUM

source - G. Wilkinsonin reportAECZ)-2738,edited~
u. n. Meinke,August1949.

Targetnmterial:Uranium(x 1 g) Tinm forae~ation: + 1 hour

Type of bombardmnt: lM= (highener~ Hquipmantrequired:Standard
fission)

Yield: 75-80%

Degreeof purifications105-106fromactivitiespresent

Procaiure:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

To aliquotof targetsolutionadd ~ mg of holdbackcarriersj
(RareEarths,Hs, Sr,Zr, Rb, Cs, Te, MO and restof the sulfide
groupmdial.s)plus5-mg in aid Cd c&riers.

Adjustacidityto 0.4 - 0.5~ HC1 ami satumte
precipitate.

Repeatstepe1 and 2 twice.

&id NH@ plusaceticacid,precipitateIn and

withH@. Dis~rd

Cd aulfidea.

MsscLve precipitatein cold1 N HCl anirepaatsteps1-4 three
tiuasor untdlthe acidsulfide-fractionla hctiva.

Dissolvethe h and Cd sulfidesffomlast sulfideprecipitation
3n cold1 N HCl (ody Cd and In sulfidessolublein cold1 N
HC1,Sn an~Sb solublein hot 1 ~ EC1}.

Add R. E., Ha and Sr carriers,rmdcealigbtlyalkalinewithN~OH.
Thenadd HC1 untilfaintlyacid.

Md excessNdc and boil. Centrifugeoffthe basicHum
acetate. (Cdremainsh solution)

Dissolvethe precipitatein dKluteHC1. Add ~ mg Cd carrierand
repeatsteps7 and 8.
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PROCEZXJRE6

RmUM

source- u. Sckdnfewolfad M. WahQren k reportAECU-3887,
editedby U. Id.Meinke,November1958.

TargetMaterial:Mteorite TiIM for separation:30 mh.

TYPS of bombsminemt:Neutron,5 ndn, ~tiplUSUtrsquhed1 ~ter
100 h chbmey, tir and tripod,

tisce~aneousbeakers,beaker
Yields 50% tongs,250d separator fhnnel,

hydrogensulfidecylbier,
lkgreeof purification~very good nickelcrucible,7 mm ion

excluge Coluam
Advantages:

Rocedure:

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(lo)

Fuse1 g irradiatedsamplewith 8 g sodiumperoxidefor2 minutes.
(finelygroundsanple)

Dtisolvemlt in 50 fi watercontaining2 sl carriersolution.
CAUTION!1

Md 40 d 9 ~ H&, heatto boiling,cool.

Extractwith two 40 d portionsof ether.

Eash cotiimd ethervolums yith two 2U ml volums of 4.5~ H&.

Stripetherwith30 ml of \ ~ HC1 solution.

Bofldownto about~ nil;pass oversmillDowax-2anionexchange
Colunsl.

Scavengewithpalladiumsulfide,fHlter.

Bufferwith bisulfate,precipitatehdium as sulfide.

PassslowlythroughfilterC*SY, air dry.

Chendcal* M: weigh as i.udiumsulfide(k12s3)

PIuXEnJEE7

INDmM

Souroe- J. E. Hudgenaand L. C.
Chembt~ ~, ti72 (1952).

@WT

Nelaculin AaalYtid

This-k was wr.hartakanto developa mdioohemicalprocedureforthe

dete~tion of ti=ogrsm or sutmd.orogramquantitiesof isdlumin

=terials thatfightbe used in maclearreactors.A mthod was developed

in whioh=tron actlvatimwitha mdlear reaotorandwitha radium
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~7 (Cent’d)

harylliumsourwwas usedto determimsImiinmooncemhatloneof a _

partspermiJlla. The ultimateseneitivi~of the mathodla 10-U gram

uhn the thermal=utron fluxof 4 x 1012mutrone per seccndper equare

centimter ohtaidiLe in a reactor Is used. A rapidedvent extraction

Mthod forseparatingthe Itium fromothersampleoo~ts was

developed.The mthod b applicableto thedeteminatim of bdiu.aIn a

widevarietyof asmple@pee.

mocEWRE

The Irra-ted samplewas dleeolvedin about10 ml of oonoentrated

hydrobromcaoid,lo ng of imiiumas a sdutlon of the bromideand eemral

sdJllgramaof Ironas the nitnatewsreadded,ati tlm solutionwas evaporated

~ustto drymass. The reeiduewas then taken gp h 1 M hgdrohromicacid,

washedintoa eeparator.yfunml, and nmdeup to shout8 EL with1 M hydrobrcmio

aoid. Two mcmeaive 30-IDlportiom of Isopropyletherwem eqtiilrated

withtho aoidphaseani diet-sded.&mu@ oonoantratedbydrntiemlcacid

(~%) ~ ad= to * the ~~c acidconcentrationh.5 M. The

totalvolusmwae abut 20 ml. A fkaeh30-d porticmof ieopropylethar

was addadand shakenwith the aqueoussolutionfora mlmte, ad the sold

@ase was separated.Thiestepwas repated and afterthe seco!d

equilA&ationwith etherths acidphasewae disoarded.The two etherphaees

wero ocdzbd andwashedwiththreesuccessive5-Eilpartioneof 4.5 M

&drobromicacid. The waahh~ warediscarded.Tlm etherphasewae

equflitratedwith threeeucoeseive5-Mlpmtione of ~ M hydrochloric

The aqueous@aeee were eomtdnedandueehedwithanotherfkaah15-ml

portionof isopropylether. The hydrotioricaoidsolutionwas than

&en

add ●

diluted

to 50 ml, S gramsof amcmium nitrateaddad,and the solutionjust~tial.izwd

withamswmiumhydrcmide.The mixturewas centrifuged,and the ~cipitate

waswaakd withwaterand quantitativelytransferredto

The precipitatewas driedunderan tiamsd lampbefore

determinationwas madewith an end-ulmdouGeigar-~er

a l+nch glaasdish.

the radioactivity

countaranda
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Conmrcialscaler. The iridiumFecipltitiwaa thenquantitativelytransferred

to a cmoilih, ignitedat 800 to 85o C, andwalghedaa In203. A ccrreotion

for chemicalyieldtbrcmghtheprocedurewas ap@Aed wbre the 10SSSS

wen significant.Totaltimerequiredto corqildethe cbmlcal procedure

was usuallya little morethan1 hour.

PEWUIJEE8

INDnJM

- Ct.UilklnaonauiU. E. GrunOdt,?hcleonloe~,
‘m No. 3, 524 (1951).

TheU solution,containingCd and In carrierswith 2 mg eachof

the othersulflde-grcmpelemwntaandY, Ia, Ce, Ba,Sr,Zr, Rb, and Cs,wae

adjuetedto O.5 N HOl and saturatedwitliH2S. (Cdand In are not precipitated

in O.5 N HOl,althoughIf tlMCd conoentratiaexceeds~ 0.7 mg/nil,pre-

cipitationof CdS* occur.) Altarreumvalof thesulfideprecipitate,

the sdlutim was boiledto removeH@, and furtherq-titiea of As, Ge,

Se, Mo, RR, H& Pd, Ag, Sn, Sb, and Te wereaddedand precipitatedas

before. This atip was repeated.Ammnium aoetatiani aoeticacidwere

addedto the filtrate,&nd In and Cd precipitatedby saturatingthe sdutim

withH@. The ih andCd sulfideswaredlseolvedh eufficienbcold1 N HCl

to givea canoentration of 0.1 ~ti of eachnwItal.CarriersforE&u,Sn,

Sb, Se, Te,Y, La, Ce,Zr, M, Sr, ad Cs mm addad,and the separationof

h and Od as sulfideswas repeated. This cyclewa~ oontinueduntdlthe

scldsulfidegroup,the r- and alkalineearths,and alkali-nmtalcarriers

were recuveredinaotive.Threeqclea were usuallyrequired.The fbal

precipitatewas againdissolvedh mld 1 N HO1. OnlyCd anf k a~~ee

were foundto be aolulileunderthesecomiitlone3smallamunte of Sn, Te,

etci.,thatmi~t follmuremainedundissolved.

The In ati Cd wme separated@ aemral ~thcde, includingthe

preoipi~tionof In(OH)3* ~OH, the preCipitatimof k oxalateor

fbrro-cyauidein the~esen- of excess~OE, or the precimtiticmof
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In by K#q frommutml Solution.

The bestseparationwas achieved@ the Precimtaticmof k kaalc

acetatefrom dilute aceticacidaolution. cerium#Ill,Y, Ba,*, Zr, Nb,

ami Cs carrierewere addedto theacidsolutionof In and Cd. Tble solution

was made slightlyalkal-. nitb~OH and then faimtlyacidwithHC1. @

precipitate,e.g.,of Zr and ?db,farmd at thisstagemas rewved. Excess

solidNa aoatatewas addedto the solutionand tlm nclxtureboiledfora

fewdnutec!and In taeicaoetateprecipitated.Thiswas centrifuged,washed

withwater,disacilvedin diluteacid,ami

yieldof biinm was of the cder of 50 to

PHOXIKrKE9

INDIUM

source- A. A. Smlee, J. vanR.
-t g, 539 (1957) ●

AMTRAOT

In reprecipitated.!llMclmdcal

60 per cent.

Smit,and H. _ k

Neutromctivationanalysishas hen appliedho thedete-tion

of tracesof imdium,use beingmadeof bothtbsradicmnclidesimiium-lJIIamd

indium-116.The ultimateeensitivltywith Irradiationim the HarwellFile

and use of 49-day i~l14 is 8 x 10-10g. Whenthereare facdlitieafa

chemloalpoceesingahcrtlyafterhradiatim, it is possibleto ex@oit tlm

greatersensitivityof ~ x 10-12g affoniedby tlw ~-minute ieomr indium-u6.

The radiotieudcalseparathneaf’krtb additionof carrierwere baeedma-

on precipitationsof i-urn as hydroxideand eulphide,togetherwithstages

of solventextracticm Radiochemlcallypureimiiumwas fbalJ.yprecipitited

and countedaa the tris-oxinate~ the chexkel yieldwas determined

gravllmetrimtxly.

It waa foundto be eaaentialto use dluta aqueousaclutionaof

imfiumin the etamia- @diated aiaroltaneouelywithtb analytid IVSIEPIW

to avoiderrorsdue to self-shielding,whichwere shcmnto h aeriouewhen

standsrdeof Mum foilwereused.
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The methodme

standardrocksamplesGI

BEJumNTs-

Diluta
of Speopue

PRCCEDJRE9 (Cent’d)

keenapplAedto the detezndnationof idtim in tlm

andUI, ad h a numberof eeparatedminerals.

METHOD

t3tandardtihm sohtion - Preparea solutionoontahing15 mg
iridiummire b 1 I.ltreof M ni-c acid.

Iridiummmler solution- Dieeolve1D5 g of P *m Mtal in dilute
hydroclil-caoidand diluteto 500 ~.

lml:3mg of In.

Oopparoarriersolutim - Preparea solutionof oupriccblmide in
O.5 M lg’droobloricacid containing10 mg of aopperper ~.

Ironcarriersolution- Preparea solutianof ferricchloridein 6 M
hydroobloricacid ocmtaining10 mg of ironper ti.

Nickeland bariumcarriersolutions- Dissolvethe appropriateueight
of We respectivechloridesh waterto givesolutiom containlmg10 mg
of nickel(m barium)per ml.

Qxinesolution,5 per oent- Mssolve 5 g of 8-hydroxyquindineh
100 ml of % per =nt ethanol.

AoetatebufferEOhltiOn- DisaciLve272 g of trik@ratedsodiumacetate
in distilleduater,add 60 g of glacialaoeticacid,and dfluteto 1 litre.

SodiumPeroxtie,pouiered.
H@ochlmi.c acid,sp. gr. 1*I8.
Percliloric add, 72 per cent.
Sodiumhydroxidesolution,20 pr cent.
I&&obromIcacid,U to 48 per oent.
Anrmniasolution,8P. gr.0.880.
Sodiumsulphitesolution- A saturatedsolutionIn water.

PmmSJRE l!mUmO’M-lu-

PrepareIrradiationampauleaabmt 5 cm lcmgfkomsflicatubing
with a d~ter of 5 to 6 m (oran Internsldiamter of 4 mm fortie
stamiarde),eaohhavinga conatrioticmmar the open end. Grind the sample
untilit passesthrougha 3C0-rashsieveatiweighoutacamtel.yabout
O.~ g pcrtionafitoeaohaqoile. Fiwparedmdarda by weigh@g out0.1 to
0.2 ~ of the dilutes~ami itilumsoluticm.Sealoff theampoulesand
packthemIntoa standardaluminumcanwithslumcbmmfofl. Eachfrradtition
tit shald contain two stadarda with fourcm moresamples,whichs@uld
h preparedin d~ll=te. Ikradiateforat least7 days,and thenall-
the can to ‘cool-bebitia radiaticmshieldfor one-halfof the irradtitiom
pericd.

Removethe ampodes fromthe can,open them at the conatrickdcq
ad tram far the soli,deamplesto silicaaucitlee. To eachadd 3 to L g
of powderedsodiumWaide ami ndx thorcm@ly. Finally,covertb3 mixture
in eaoh cruciliLeultha thinlayerof sodiumperaxideand kat in an
eleotrlcnuffleforbaceat 480 to 50Q C for10 to 15 minutes. Removethe
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crmililesihm the furnaceand quicklycoolthemby immreing theiroutside
wallsb a tealmrof water. Dataohthe cakefromeachcnoible ad tranafar
it to a l!%milbeak ccmeredwith a watch-glasa.Diaaolvethe nelt
carefullyh atmut200 d of waterard acidifywith hydrochloricacid,
ep. gr.1018.

Mineralsamplesthatresisttheattackby S- parcmidead
eanplesof IXUWilmmite and uagmtita waretakenup ~ fusionwith
fourtime theirweightof potasstimhydrogen eulphata.

Stagesin the ohamicalsepmtion thatnow followsare numbared
to facilitatereferencein aubeequentdisouaslon-

(1) To the acidifiedeolutionadd an aocuratalylomwnweight(15mg)
of hdium carriersolution.Add 10 mg of niokelcarriersolutionand toil
for1 minute.

(2) Transfir the solutionto a 50-mlcentrifugetub andprecipitate
* hydrmidea by addingan excessof ammoniasolution.Spin,and discard
the supernatantliquld.

(3) DissolvethePrecimtatah 10 fi of 72 per cwntprckdorlc
acidand transfertackto the originalbeaker. Evaporateunderan InfTa-red
X untilcopiousfimmeappear. Add a further2 fi of wrcliloricacid
and contimueheatingfor20 ndnutes.

(b) Tab UP tb residueaa completelyas possiklein hot watAw
and filterintothe originalcentrifugetube. Hkeh theprecipitate
thorouglilywithhotwaterand discardit. ’10the combhwi filtrateand
washingsadd sodiumbydrcuidesolutiomh excess. Spinthe precipitated
bydraides h a centrifugeand diecardthe supernatautliquid. Dissolve
theprecipitatein dilutehydrochloricacidand add 2 ml of aat~tad sodium
Sd-@litSSOhltiOn.Add SXCSSSOf ammmia solutianand spinin a Cantrifum.

(5) M3eolve the precl@titiin U il.of 46 to 48 par cant
@drobromicaoid (about8.5 M) ami dflutiwith 9 nil of wter to give
20 d of apprmirdely 4“5 M hydrobromioacidsciktion.Tranaferto a
1~- seprathg funnelaml extractthe iridiumby shakinguithtwo
25-nilportionsof diethyletlmr. Run offand rejecttheaquecuapkse.
Wash the co~ ether@asea ~ shakingwith two~-mlportionsof
f?esbl.yprepared4~5’B bydrobromicacid. Re$ectthe aqueouswashings.

(6) Wtract the itiiumtiomthe ether@ase by equfi~~~tig
withthzwesuccessive5-ELportioniof 6 M hydrochloricacid.
the etherphaee.Mash the cambimd aqueousextracte once with 15’ ml of
etherand ra~ectthle. To the solutionim hydrcahlorlcacidadd 10 mg
of iron carriersolutionand extractwithtwo 15-ELportionsof ether.
Rejectthe etherphases. Md a furtherlo mg of “frcmcarriersolution
h the bydrotioficacidsolutionand axtractwiththree1~-ECLportions
of ether,againre~ectdngthe etherealphases.

(7) TO the aqwoua phaseadd a.mcd.aacilutionuntdl 3ndinm hydraxide
state to be precipitated,and thanadd 10 mg of copparcarriersoluticm,
whichshould@va a deepbluecolour. Add concentratedhydrochloricacid
dropiae untilthe bluecolourfkdee,and thenadd 1 ml of hydroc~oric
acid,sp. gr.1=16,and diluteto
h aboutO.~ M. Heat to60c and
offand discardthe pwcipltate.
remwe hydrogenmlphide.

25 ml. The aoidi~ at ~ stageehould
saturateuithhydro~n aulphlda.FUtar
Collectthe fUtrata and boilit to
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(8) To the hot
and saturateat & C mith
precipitate.

filtrateadd10 mg of coppercarriereolution
hydrogeneulphide.Fflteroffand dti-d the

(9) Repeat Stip (8)once.

(10) To the ~trati fia step (8)add about2 g of solidamnmnium
acetate,beakto 70 to 00 C and sat-te withhydrogeneulphide.spinin
a centrifugead rejectthe enpernatantliquid.

(n) Disadve iridiumaulphi.de&cm the precipitateby addling12 nil
of coldM hydrochloricacidati trituratingwitha glaserod; Fjlteroff
and died w heoluble residue.

(U?) Repeatsteps(10)and (n) once.

(13) kll the solutionof imliumIn hydrocblorlcacid for1 minute
to expell@rogen m@hide ati thenadd10 mg of bariumcarriersolution.
Makethe aolutim anmmmiacaland spinthe precipitatedbydraxideein a
oentrifige.Rejeotths supernatantliquld.

(~) DissolvetheWecipitatedlndiumhydraide b 4 drop of
concentrated~&ocblaic acid,Mute to 15 nilati add 2 rilof oxine
8olution. Heat to SO to 60 C and pI’eCipi+dltiHum oxhate by the slow
additionof S d of acetatetiffersolution.Sptiin a centrifugead
wash the precipitatetwicetithhot S per mnt ethanol,usinga glass
rod.to beak up the precipitateif neoessary.Makea slurryof theprecipitate
ultha mall anmuntof materand transferwitha droppipetteto a tared
alardmumcountingtray. ~ underan imfra-red~, cool,andweigh
to determinethe &emiosl yield.

At a convenienttIm openthe anpoulescontainingthe irradiated
iridiumstandarde.Ustiga drop-pipettedrawnout to a point,traosferthe
imiiumsolutionquantitativelyto a I.00-alcalibratedflaskandrinse
thoroughlywithhot 2 M hydroclihmicacid. The find concentrationof
acidis immaterial.Cool,and djlufjeto the mark. Tramfer a auitatile
aliquot,depemdtigon the amountof hdium expeotedh the aanple,to a
~0-xlcentrifugetubeand add exactilythesarmweightof Hum carrier
(15mg) as in the chemicalseparationdescfibedabove. Afterthorou@
mixtig,precipitatethe Him with an excasaof armmniasolution.Spin
in a oentrifhgeand rejectthe supernatantliquid. Ee-dtisolvsthe~e-
cipitatedhdium l@.roxideh 4 dropsof concen~ted bydrotiorioacid
and ~ ~ecipitatebilum oxinatejmount,dry,a@ weighit as
descrihd in etep (1.4).

PROOEmJEEFOR mIrJM-116-

Aamuhtsof up to l@ mg of fhely powderedsample(lessthan
NO msh) are usedIn thieprocedure,Afterintroductionof a known
night titoa shortlengthof polytbem tubingwithan internaldianAer of
3to~rmn, thfreeemiwaa sealedhkeingheated inasmall flameand
squeezedwitha pairof tweeaere.Liquideanrplesware preparadas before
~ weighingout ban ammnts of dilutehdlum standardsolutionMO
silicaampoules.Sincethe entirechemiti separationand subsequent
count= -t be mid outwith the greatestexpdition,* two
sa@es and onestandardare packedintoan ahdnum oanamf are
irmdiated for1 hm, by whichtinmthe activi~ due to indluwl16w~
havereachedaboutone-halfof its saturationvalue. Saa@.esmd sti~

~ Vmessed after‘cool= for 30 to 40 ndnutea.

38



PR~ 9 (Cent’d)

The chendcal prO=d’LH fori60ti@ MiIm-u.6 aotivi~ is
eseantiallythe sam aa thatalreadydeacrikedf= Indium-lllh&t, since
the totalweightof sampleia amalLer,stages(3) W (4) w b odtti.
These stages are desigmd to radar inmilubla~ silicathatmy aoeospny
the bydraxideprecipititafrom the ~oeding stage. b uorkbg with
largersam@e wei@Ae, it uaa fcurtdthatafiicicacid fromstage(Z)
dieiecihedfreelyin concentratedhydrohr~c acid,but ae~- at the
intariktca on sutaequenttiutim and equfll-ticm tikh etherh sta@ (5).
Uder thesemmditionsphaseseparationwas delay8dand a dleanseparation
couldonlybe achievedhy molonged osntrlfhgatlcm.A further●l@lfloation
*es &cm the smallercontrilmtimmuleby *59 to the totalactivltiy
-n the t- of irmdtitim Is short,as la eo with the imiium-ti
procalura. For samplesof comparalileIroncontent,the 3ndl-11.6procedure
pertitaof a 10WW demntamhation Mom ironad umally cm acaven@g
with tiOnC*er i6 SIIffid~t. Withthlamodificationetage(6)
wouldread-

(6) lhtraot the ether phaae w equl13hrathg tith threesumoive
5-nilportiomeof 6 M I@rtiofic acid. MaoaA the etherphases. Waah
the comt&md aquews _@aeee=Ce with15 nl of ether. To thB k@rO~OfiC
acideolutionadd 10 mg of ironoarrlerscClutiaad extractwiththree
15-tiportiom of ether,againre:ectlngthe ethereal@ases.

Hith theseexcemim the proceduresfor lmiium-~ ad idium-llk
are identical. The irradiated etandard is tmnsferred quantitativelyas
bfore to a M30* aelihratedfhsk and mde UP to the mark. M *
aliquotportioneare tabn ad Precipititaiuith Mnm carrier. In view
of the rapiddecayof idInm-116,the preoipitateeof =UM cd.natimere
countedWmiiateb aftar~tti and thewsigh@z of thedriedea@es
to determinethe &amicel yield= Poetpo-
had been cmpletado

PFWECURE lo

JNDIUM

intfi afterthe counthg

Sovrce - G. A. Comm in %W.adsed Radiwbmld Roodumee ,
La Ahmoe Eepmt LA-1723.,January1956.

1. Introduotiai

h its dete-tim b fieiei~oduct mterbl, idlum -t ia

separatedrapidlyfkomcudmiumso thata sepamtiont- fromitaparent

aotiti* is knownaooumtely. The eepamtionis acco@ielmd @ pre-

cipitationof ~ hydroxide~ mane of asmnium lqrdroxide,~ua

re~ ti eolutim as an anmnia co@ez. The l@roxide b thendie-

solvsdend acid-insolubleeulfidesare preoipltatedlkoma lmffbred

solution(PE3*), in the preeenceof aolfcaslic@ioacid. Mlum b

leached from the

Oipitatadas *

mixture of aulfldestith cold~ El. It is lihenP-

l@roxi& ami oome-d to tb hrcdda m=Bamecd’4.5g
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l@rogen bromide. The brtie la extra@ed titoethyletherand indinm

ia ~ precipitatedandweighedas the 8-hydr~uinciLine (oxtie)

derivative. The cheticalyieldis aboutm and om eanplecanbe run

in abuut4 hourB.

2. Reagenta

In carrier: 10 w L@ (addedae In013in 1.5~HCl)atandamfiaed

Sb oarrier: 10 mg Sb/@ (addedas StC13in ~, HCl)

3 ● Bw@=J’nt

Fieherturzmr

D@mg ovm

Centrifu*

Hlook forholdtig=ntri’fugetubee

Mountingplates

ForceFs

TongsfcwErle~er flack

Pipetez aelmrtedgliaaa

125-MI.eeparatory-s (oneper aaa@e)

250-ailErlemmyer flash (oneper san@e)

100-nilbalcare(oneper atandsrdfiation)

Uaah bottle
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Ground-offHtiEIchfumela~ Coore00CM (oneper sanqil.e)

~ter chimeye (one par sample)

lkUterflaeke

60-d ahtered glaeacruciblee:

No. 4J.H titmn filtercircles:

b-ml conicalOentiifugetubes:

steambath

SMrring rds.

mdlum pcmaity (em per ata-dination)

7/& d~ter-ueighed

mex 0320 (five per eaqle)

4. Prepra tionand StaduWaa tionof Cerrlsr

Mssolve 10.0 g of pareIn ratalin a mirdmm of HCl and dfluta

to 1 literwitil.% IICl.

Pipet 2.00 d of theabovesolutbn Intoa 100-IIIkdmr, ad add

20 il of ~0, 5 ml of H02H302- NaC2H302tiffereolution,and 2 ml of

8-hy&oxyquinolhesolution.Parmittheprecipitateto settlead add

8-hydraxyquinoltiesoltiicmdropriaeto theaupernateuntflno further

precipitationoocura. ~ter ths preeipititeon,aweighed60* aintemd

glaescrmible of mdlum ~oai@. Mach tlMprecipitatethoroughlytith

~0 axaidry at llOOfor1/2 hour. Coolatiueigbas In(C*W)3 (20.99%

h).

Threeatandardizatiorte,withreaoltmagreeingwith 0.5%,are run.

$ ROcedure

Step1. To 5 to 20 ti of samplein a hO-RLccmicalcantiifuge

tube,add 2.00 ti of In carrier,2 drupa of Cd holdback~er, and an

exwee of oano.NE$OH. Centrl&@ the Predpitateamf discardthe awparmte.

w“ Mssolve the precipi~teh 20 fi of ~ HOl and rqmat

Stip1 tam additionalt-s.

-“ Dieaolvetheprecipitatein 10 ml of ~ HOl ami add 2 ~ of

5% sulfoe.aliWIScacid,5 EL of W2H302 - MC2H302 lxlffersolution,anf

1 dropof Sb carrier.Satmratethe solutionwithH@ h the cold. Centrifuge

ad diecardthe suparnate.
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step4. Mash the precipitatewithS ECLof diluted(1-10)buffer

solution,centrifugal,d diacardthe suparnate.

~. Md 5 m of ~ ml and digestjustat kdling for1 min.

Cetirifi@ and tramfer the aupernateto a clean@-ailcentrifugetube.

Discardthe precipitate.

Step6. Dilutethe ecluticnto 10 nilwithH20 ard re~t steps

3-5 threeadditionaltjmes.

-“ TO thssolutioncontainingIn013in ~ HCl,add an excees

of conu.NH40Hand ctirifige. Dti~d fiesupe~~=

step8. Diesclvetheprecipitateb 25 ml of Ih5yH&, transfer

the aolu%ionto a 125-Elseparat~ f&nel, and extractIn&3 into * ml

of et@l etherwhichb saturatedwith4.~ H&. Discardthe aq~oue

layerandwash theetherlayertwLceuith10-nilportionsof h.% H&.

a“ Mu off the etherintoa 250-mlIkrlsnmyerflask. Evap-

ora* the etheron a steamhithad takethe residueup ~ 20 d“ of ~

HQ. Md ~ al of tiffersolutionand 2 a of

Test for conplete~ssof precipitation~ the

of reagentto the clearsupsrnate.Fflteron

13-hydrcxyquinoltireagent.

additionof anotherdrop

a weighedNo. U H Hhabmn

IYltircircle,netiga ground-offHirschfurmeland a filterchimay.

lkmh the precipitatethorcugtilyuithwaterd dry at 110” fbr1/2 hour.

Cod, weigh,andma.uat.Countimmediatelyin a proportionalcounter

(Note1).

Notes

1. Thisprocedurehas been

4.5h Inn~, daughter of 58h Cd115.

used forthe deterdnationof
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‘Dstsrminationof Palladium,Cadmium,and Imiium
Activitiesin Fiasio&, L. E. Glemdenlm,Paper265
in ‘RadiochemioalStudiesz The FissionPrmhcts=,
editidby C. D. Coryslland N. Sugarsmn,McGraw-Hill
&ok CO., ~C. , NewYork,19%

Dieoussiom

The separationof hlium fhm the other fissionproducts is

basedon the precipitationof In2S3with H2S In HC$13~ solutiam.At

the lW H+ concentratiaaffbrdedm H~H302, *S3 ia completely

precipitated,lxztat H+ concentrationsnuchhigherthamO.@N the

precipitationdoesnot occur. The contandnatingelemnte, ~ of

the acid-ailfidegrmp and probablyzirocorhmsuxlniobium,are remvud

~ ~~es of - e~~q fi O●3~ HC1 =d -3 ~~@tatl~ ~

0;3MHC2H302. The irdium Is flmilly precipitated,weighed,and ~ted

In#3. The dscontamlmthn fhm the otherfiseionactivities,as

idicated w a separationof iridiumfhoma varyactiveconcentrateof

plutoniumtislon Poducts, is of the orderof l@.

Prooedmre

w“ Add 10 h 1.5EL of oono.HCl and 20 mg of iridiumoarrier

to thesample,ardevaporate@st to d~ss. Tab up the res~e in

10 m of 6N HC2H3C+,passin H@, centrifhe,audwash thepmcipitata.

steP2. ~SOlV6 the Im#3 in 0.S d of 6M HCl, dhti to lo ml,

add 5 mg of gxUadium carrier,heat,ad precipitateuithH@. Centrifuge,

and discardthe MS.

Step3. To tlm aupernatantsolutionadd

rierand0.5 EL of 6N NH4C2H302.passin H2S,and

centrifuge.Repat steps2 and 3.

Step4. Filterthe ~~, wwshwith%0

for10 m, neigh,and -unt.

10 mg of I.amtlullumoaF

kt to boiling.

ad C2~@g dry at Ilo G
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